One difficulty in studying proton-rich nuclei is the competition between neutron evaporation on one hand and fission and charged-particle emission on the other. The use of beams of.relatively proton-rich ions such as 56 Fe, however, allows for the formation of weakly excited compound nuclei close to the proton-drip line making the effect of the competition from channels other than neutron evaporation less severe.
Neutron deficient isotopes of Po and Bi have been studied previously via fusion reactions induced by ions with A~ 40 (Refs. 2, 3, 4). We report here the results of our measurements of the alpha decay properties of 192, 193, 193m, 194 Po and 191 msi. We will also discuss the effect on the measured half-lives of accidental correlations between recoil and alpha-particle events. This problem arises since, using SASSY, we measure the life-times of individual recoil nuclei.
In SASSY, the separation of fusion reaction products from the primary beam is achieved by a 1-torr helium-filled magnetic system consisting of a dipole followed by a quadrupole. Downstream from the quadrupole are two gas-filled parallel-plate position-sensitive counters which provide information about the trajectories and energy losses of the recoil
nuclei, and also allow for the determination of their time of flight between the two counters. The recoil nuclei are finally implanted into an array of ten 13 x 22 mm 2 Si surface-barrier detectors. The kinetic energy of the recoil nuclei deposited into the Si detectors, together with the counter information, is used in discriminating against unwanted nuclei traversing the separator. The subsequent alpha particle decay of the recoil nuclei imbedded in the detectors is observed as well. were used for this purpose. As a cross bombardment, we irradiated natce with a low-intensity 56 Fe beam at 272 MeV in order to confirm the halflife values based on the Pr bombardment.
In Fig. 1 we show an alpha spectrum measured in one of the detectors in the bombardment of natce with 254-MeV 56 Fe particles. Only alpha particles observed between· the accelerator beam bursts are shown and were used in the half-life analysis, since during the beam bursts low-energy, low-mass particles with energy losses too small to produce a signal in the parallel-plate counters, and thus indistinguishable from the alpha particles, were observed in the detectors.
Next we will discuss the method of determining the half-lives of alpha-active isotopes produced in these experiments. In the following,
' ·· an 11 acceptable recoil nucleus is defined as any recoil product with a kinetic energy and a velocity that falls within limits set to include the majority of the alpha-active fusion products. The procedure is as follows: each alpha particle observed in a given detector is assumed to be the decay signal of the last acceptable recoil nucleus observed in the same detector before the alpha event. In this way, a collection of decay times is obtained for each activity.
This procedure does not necessarily lead to the correct identification of the members of the (recoil nucleus, alpha particle} pair.
Accidental correlations become significant whenever the half-life of the activity is not short compared to the average time interval between recoil events in a detector.
There are two possible errors. First, because of the dead time of the analyzer system, it is possible that the correct recoil nucleus was not observed, and thus the wrong recoil nucleus was associated with the alpha particle. These event pairs produce a component in the decay curve with an apparent half-life determined by the counting rate of all acceptable recoil nuclei in the .detector in question (the counting rate of alpha particles is low, and can be ignored here). If the number of recoil nuclei within a small time interval follows the Poisson distribution, the apparent decay constant of this artificial component will be equal to r, the average counting rate of acceptable recoil nuclei in the detector.
Another type of error is produced in cases where an alpha decay event observed in a detector was not due to the decay of the last observed recoil nucleus, but belonged to a recoil nucleus observed earlier in the 5 same detector. In these cases, the observed decay times are shorter than the actual ones. The effect of this phenomenon is given by the equation Aobs = A + r ( 1) where Aobs and A are the observed and real decay constants, respectively.
~
To illustrate the effect of the accidental correlations, we show in Fig. 2(a) Fig. 3 This report was done with support from the Department of Energy. Any conclusions or opinions expressed in this report represent solely those of the author(s) and not necessarily those of The Regents of the University of California, the Lawrence Berkeley Laboratory or the Department of Energy.
Reference to a company or product name does not imply approval or recommendation of the product by the University of California or the U.S. Department of Energy to the exclusion of others that may be suitable. c-~~ . .
